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Richardson, Kimball, Angot, Abbot, and others have 
conducted investigations regarding the relation between 
the intensity of solar radiation a t  the outer limits of the 
earth's atmosphere and the intensity at the earth's sur- 
face. Although the problem is complex, some con- 
clusions of great value have been drawn. I t  is probable 
that these conclusions, together with the liniits which can 
be set on the values of (R), will be of great value in con- 
nection with theories of climatic change, particularly 
glaciation. 

The kind interest which Doctor McEwen of this insti- 
tution has taken in the preparation of this paper, aiicl 
also the valuable suggestions lie has offered, are gratefully 
acknowledged. 
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CHICAGO'S GREATEST SNOWSTORM, MARCH 25-26, 1930 
By OWEN T. LAY 

[Westher Bureau offire, Chicago, 111.. 4 p r i l  14. l:lSO] 

The great,e,st snowstorm in the history of Chicago 
occured on March 25-26, 1930. The total amount of 
snow was 19.2 inc,hes (awrage clepbh) a t  the We.at,her 
Bureau observatory a t  the University of Chicago. The 
snow was badly drifted by the wind, and drifts 4 to 5 feet 
deep were to be found in all portmiom of the city. The 
storm continued uhhout  interruption for 43 hours and 
45 minutes. The depth of 19.2 inc.hes e,xc,eeded by 4.3 
inches the total snowfall from any other single storm at 
Chicago, the previous record being 14.9 inches on Jan- 
uary 6-7, 1918. 

G E N E R A L  METEOROLOGICAL CONDITIONS 

On the e,vening of hlarch 22, 1930, a baroinet,ric cle- 
pression covered most of the Rocky Mountain re,gion and 
Great Plains. By 7 a. m. on the  23d it had deepened 
somewhat and moved east'ward, there then being t,wo 
centers of lowest pressiire, 29.60 inches in east,ern North 
Dakota and 29.62 inc.he.s in central Iowa. Snow wa.s 
falling over PC'isconsin and east,ern Minnesota. Within 
the nest 12 hours there was litatla change in the int,ensit,y 
of the storm and both centers moved slowly east-sout,li- 
eastward, with rain in Illinois and southern Wisconsin 
and mostly cloudy weather thence northuwst,ward. 

By the morning of t,he 24th t.he northern center had 
practically disappeared and the southem center hac1 
moved from southeastern Iowa t,o west-central Indiana, 
with little change in int,ensity. During the nest 12 hours, 
ending a t  7 p. ni. on the 24t,h, the center had advanced to 
estrenie eastern Ohio but appeared only IIS a loop in the 
isobar, while a new ce.nt,er had apparent'ly de,veloped o w r  
sout,heastern hlissouri and advance,d tfo sout.hern Indiana. 

During the next 12 hours, ending a t  7 a. m. on the. 25t,h, 
the center o w r  southern Indiana remaine,d prac.tic.ally 
stat>ionary with an increase in intensity from 29.54 inches 
t,o 29.28 inches, while the eastern loop had disappe,ared. 
By evening the main center of the st,orm had adva.nre:d t.0 
western Lake Ontario, but anot,her cente,r was left over 
east-central Indiana. By hhe morning of t,he 26th t,lie 
eastern ce,nt,er had a.dvance,d to extreme, southern Qwhec., 
Montreal, 29.04 inches, and bhe western center had move,d 
nort,h-northeast,ward to t'he Georgian Bay region, Parry 
Sound, 28.98 inches, and bv t,he night of the 26th t,he 
eastern cent,er had pract,ically disappeared and t,he. west- 
ern center conhinued to move nort,h-nort,lieast~~-ard, 
Doucet, Quebec, 29.10 inches. 

The heaviest snow at Chicago occurred on 6he. 25t'h 
wit8h strong northeast' winds from off Lake Michigan. 
These winds persisted bhroughout the 25tmh up to about 

6 p. ni., ninetieth meridian time, when they backed to 
northwest and continued from that direction until 8 : 55 
p. in. of the 26th. Gust relocitieq on the 25th ranged 
from 35 to 50 miles an huur from the northeast. During 
this time the storni center wns over central and southern 
Indiana where i t  renmnined practically stationary for 
about 24 hours. T h t  fact remains to be esplained; 
apparently i t  was due to the aclrance from the west of a 
fresh fall in the barometer that sent the surface pressure 
down to 29.2s inches, and naturttlly caused strong north- 
elist winds to continue to blow over the southern end of 
Lake hiichigan with the results described herein. 

LOCAL CHARACTERISTICS O F  T H E  STORM 

Starting with rain on the %th, the temperature fell 
slowly and the rain first became mixed with sleet, then 
chtinged to snow. The air became filled with large snow- 
flakes, and the wet character of the snow at first, in con- 
nection with high northeast winds, caused i t  to adhere to 
automobile wiiidshielcls, windows, and buildings. Many 
accidents rewltecl during this period of poor visibility, 
which extended through niost of the 25th. 

The lateness of the season added tin element of suTprise 
and unprep:iredness. Few autoniohiles were equipped 
with chains, and trnnsportation organizations were not in 
readiness to combat the storni. 

RFFECTS 

The continued stalling of automobiles and trucks on 
car trncks made the constant operation of snow plows and 
street cars difficult or even impossible. Furthermore, 
automobile and truck traffic early in the storm served to 
pack the wet snow into soft ice that later had to be re- 
moved frnni street-car tracks by the use of picks and 
sliovelq. hlany nutomobiles were abandoned in the 
streets. By noon on the 25th surface car service was 
prscticallg a t  a standstill, suburhan trains were moving 
with difiiciilty, ancl deliveries by motor vehicle had almost 
ceased. This imposed an extra burden upon the elevated 
lines. and that service was slowed up greatly because of 
the great crowcls at the stations and on the trains. 

JYorkers experienced riiuch difficulty in reaching their 
places of employment and in returning to their homes 
on the 35th and %th, and the down-town hotels were 
crowded. hlany places of business closecl early to enable 
their employees to reach their homes. In many cases 
those mho carne to work or returned home floundered 
through the snow for several miles to reach transporta- 
tion that was moving on elevated tracks. 
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(Upper) clinging tendency of wet snow early in storm; (middle) clearing the way for street cars that could go no farther 
into drifted snow' (lower) damage shown along the lake front after most of the snow had melted. Wind damage lost 
sight of in most 'of the accounts of the storm beraiise of the more SpectacIllnr struggle against the snow ,411 thr- 

' 

togrsphs the courtesy of Chicago Evening American, March 28, 1930). 
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School attendance was small on t8he 25th, a.nd t,lie. city 
schools were closed on t,lie 26t8h and 27t8h. On blie first, 
day of the storm milk deliveries to the cit8y were c.iit( down 
about 40 pe.r cent,, and appeals were broaclca.st by radio 
for farmers and others who ordinarily deliver milk t'o malie. 
every effort t80 reach the city and t,liereby prevent a milk 
famine. Milk valued a t  about $40,000 was lost on t'he 
highways the first day of the storm. 

Airplane traffic ceased for three or four dnys, beca.use 
of poor visibility t,he first two clays and t,he fact t,litLt 
great drifts of snow were left on the landing fields, niicl 
the runways had to be cleared before plnues could t,alie 
off or land. At Waterman, Ill., about 50 miles west, of 
Chicago, the total depth of snow was only 3 inches, and 
one of the transcontinental lines used the emergency 
landing field there as a bme for mail that, was handled 
between Chicago and t,hat p1ac.e by t,rain. 

Stocks of some goods be.canie low or even exhausted in 
many outlying stores that depended upon trucks for 
frequent deliveries. This was particdarly true as re- 
gards bread and perishable veget,n.bles. 

Citizeus in all sections of t,he city and in t,he surround- 
ing territory spent miiiiy hours in clearitig walks, alleys, 
aud driveways, but little permanent relief was possible 
until after the snow and high wind had c,eased on the night 
of the 26th. 

The Chicago Surface Lines, possibly the greitt,est 
sufferer, empLyed as many as 20,000 men witL picks, 
shovels, and all available mechanical equipment in dig- 
ging tlie tracks out. The storm cost that organization 
approsinlately $1,000,000. Other organizatious and in- 
dividuals were required to expend much money and effort 
on account of the storm. Stocks of tools for handling 
snow and ice became exhausted in many stores, and auto- 
mobile repair shops were kept busy in replacing broken 
springs, burned out clutches, and other repair work. It 
seems safe to state that  the storin cost the conmiunity 
several million dollars. 

Considerable darnage was caused along the lake front 
by the pounding of waves during the early portion of the 
storm when strong northeast winds prevailed, but this 
effect was lost sight of in reports a t  the time because of 
the more spectacular snowstorm. 

The snow disappeared quickly, and without flooding. 
This was possible because the ground under the snow was 
fairly dry and not frozen, the great amount of evaporntioii 
owing to low relative humidity following tlie storm, and 
tlie fact that  the temperature was slow in rising above the 
freezing point. 

- 

DISCUSSION 

For some years I have been greatly interested in pro- 
nounced abnormalities 111 the weather. The heavy snow 
described by Mr. Lay in the preceding article must be 
considered as one of the greatest abnormal snows east of 
the Mississippi in the last half century. The Rlarch, 
18S8, blizzard, as it is frequently called, is another strilr- 
ing esainple of very heavy snow in late winter. The two 
storms had some points in common and differed mate- 
rially in others. The area of heavy snow and its maxi- 
mum depth in the Chicago storm was niucli less than in 
the March, 1888, storm. A depth of 40 inches and more 
in the last named was registered over a considerable area 
in Connecticut and the area affected by the storm was 
tenfold to twentyfold greater than was the case in the 
Chicago storm. Points of sindarity are a s  follows: The 
great depth of snow in both storms was due to the retar- 

dation of the storm's progressive motion eastward due to 
strong areas of high pressure to the northeastward. Both 
storms developed great intensity from the trough form of 
barometric depression. 

It is convenient to consider the Chicago storm from the 
view-point of surface-pressure distribution as influenced 
by the free-air teniperature directly above the storm 
center. (Fig. 2.)  

Il'enther charf Alurch 23, 1930.-The most significant 
feature of this chart is the crescent-shaped depression of 
the hrtrometer that extends from Canada to Alesico east 
of the Rocky R1ou:itains with three centers of low pressure 
ns shown. This depression is flanked on both the east 
and the west by anricyclones of comiderahle magnitude 
hut great contrtlsts of temperature on tlie surface a t  
lenst, are missing. 

From the forecast division's upper-air chart I glean the 
following : The winds above the barometric depression 
were from a southerly direction in the free air up to the 
1,500-meter level (4,900 feet). Above that level, a t  
2,000 meters (6,600 feet), some of the southerly winds a t  
the 1,SCO-meter level hare become west winds but the 
northerly component continues at about half the stations. 
The velocities o f  these winds from the south a t  5,000 
meters ranged from 10 meters per second, hereinafter 
n1,l)revirttecl to ni. p. s., over Nurth Dakota, to 16 m. p. s. 
c,ver southeastern Kansas, which regicns conform in a 
general way with the centers of l ows t  pressure ; from this 
isct two assumptions are justifittble, first, a mass of 
u crnier air overlies and is partly the cause of the low sur- 
face pressure and, second, since the winds from the south 
Legin to thin out above 1,500 meters, the seat of energy 
of the cyclone must he at or near that level. 

The upper-air chart for 8 p. m. of the 33d shows that the 
area of southerly winds has progressed toward tlie east, 
though not at  precisely tlie same speed as the surface 
hnrome tric depression. The surface wind-shift line has 
made but little progress eastward because of the presence 
of a secondary circulation centered over nor th-ce n tr a1 
hlinnesota. Evidence of this secondary is found in the 
loop far to the northwest of the isobar of 29.90 inches on 
the chart for March 24. 

Teather c h w f  March 24,1930 ( j ig. 3).-This chart shows 
a change in tlie orientation of tlie depression of the niorn- 
ing of March 23, the longer asis of which now trends 
northeast-soutliRest with its center over central Indiana. 
There is also considerable surface warniing in the Ohio 
Vnlley and cloubtless in the free air above the center of 
lowe.;t pressure where winds froin a southerly direction 
continue but have spread somewhat to the eastward of 
the low-pressure center. 

Tl'ecither chart March 25, 1920 ( j i g .  4).-The significant. 
feature on this chart is a fall in pressure a t  the center of 
the cyclone and consequently an increase in the baro- 
nietric gradients especially those in the northwest sector 
of the cyclone. At this time the cyclonic circulation also 
seems to have bored upward to a greater height than 
previously indicated by the free-air winds. The surface 
wind a t  Sault Ste. hlrtrie, hlich., was from the northeast 
as required by the cyclonic circulation; a t  3,300 meters 
(10,827 feet)) it, was from the east with a speed of 16 
m.p.s., still cyclonic. Elsewhere the surface winds and 
those up to 2,000 meters w-ere still from a southerly 
direction although a t  some points a shift to westerly had 
taken place. From this i t  may be inferred that the center 
of the cyclone in the free air was somewhat displaced 
tow-ctrcl tlie northwest. 

Weather chart March 26, 1930 (f ig. 5).-Here we have 
an esample of a vast cyclonic whirl that has become of 
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exceptional extent and intensity almost in the center of 
the continent. Although the cyclone is figured as having 
two centers, one of 29.00 inches, the other of 29.05 inches 
one can not but wonder whether the real center is a t  
either point. The cyclone extends in an east-west direc- 
tion about 1,700 miles and in a north-south direction 
about 2,200 miles. 

By the morning of the 26t,h the upper-air winds at  
1,500 meters have changed from southerly to westerly 

as far east as the Atlantic coast. The velocities ranged 
from 10 to 20 m.p.s. At 3,000 meters still higher speeds 
were found, the masiniuin being 36 m.p.s. a t  Jacksonville, 
Fla., on the outskirts of the cyclone. The two centers 
shown on the chart for the 26th had disappeared by the 
morning of the 27th and pressure a t  the cyclone center 
had risen somewhat. I ts  course thence to the nort'heast 
was uneventful.-A. J. Henry. 

GULF STREAM DAILY THERMOGRAMS ACROSS THE STRAITS OF FLORIDA' 
By CHARLES F. BROOKS 

[Clark University, Worcester, hIass., April 5, 19301 

SYNOPSIS 

During the past four years the Gulf Stream has been subjected 
t o  investigation by sea-water therinographs on crossing ships. 
Details of temperature, including alternating masses of warmer 
and cooler water, diurnal ranges of temperature, and rapid changes 
in distribution, have been written on the thermograms t o  form an 
amazingly complex picture. 

bound trip gives a night profile and the northbound a daytiine one. 
From night t o  day in sunny quiet weather the sea temperature at 
the surface rises 3' or 4' F. and at a depth of 6 feet about 2'. In 
windy weather the diurnal range is reduced by stirring t o  1" or less. 

The summer profile is characteristically wanner in the north 
than in the south, while the temperature of Key West Harbor 
stands out several degrees above the Gulf Stream. A band of 
cool water is almost always traversed within a mile of the Cuban 
shore, apparently where swell and current striking the steeply 
sloping bottom bring cool water t o  the surface. Similar cool 

FIGURE 1.-Hydrographic features o f  the Gulf Stream within the Straits o f  Florida. (Adapted from United States Coast and Geodetic Survey Chart 1007 by the American 
Geogrsphical Society for the Oeogmphical Review, July, 1929.) 

The thermograph is a mercury-in-steel biilh and capillary type, 
the thermal element being fised in the intske pipe through which 
large volumes of water froin several feet below the surface are 
continually pumped t o  the condensers. 

An instrument of this sort infitslled i n  1925 on the Peninsular 
& Occidental steamship H m r y  M .  Flagler, one of the three Key 
West-to-Habana car ferries, provides the temperature record for 
one round trip daily while the ship is iu operation. The south- 

water often occurs likewise at the msrgin of shoal water s0ut.h of 
Key West. The winter profile is usually 2' or more warmer in the 
south than it1 the north portion of the straitma. A narrow zone of 
probably upwelling water several degrees cooler than on either side 
usually divides the ~ a r n i e r  water from the cooler. This bound- 
ary shifts ninny miles with wind and other effects tha t  bring at 
one t.ime more water direct from the Caribbean and at another 
time from the Gulf. Great variations sometimes occur in the 
course of a few hours. 

Storms, chiefly through their stirring action, reduce the surface 
have a n  evell 

the water collsiderably 

1 Enlarged from gaper present.ed nt. meetings of the American kIeteorologica1 Society, 
Des Moines, Iowa. Dee. 27. 1929, and t.he Association of American Geographers. Co- 
lumbus, Ohio, Dee. 30, 1929. This is the first o f  a series of papers on The Gulf Stream 
and the Weather. ( C f .  Gulf Stream Studies: General Meteorological Project, in the 
issue of the REVIEW of March, 1930.) 

telnperatures by 10 or more. Strong cold 
greater effect than hurricanes, for they 
as well as mix the warm surface layer with the cooler substrata. 


